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P
ostoperative pulmonary complications are common and a significant cause of perioperative morbidity. The most significant PPCs are atelectasis, pneumonia, 27 respiratory failure, and exacerbation of an underlying chronic lung disease. 33 These complications are well studied in thoracic and abdominal surgeries.
Neurosurgical procedures such as craniotomy and in tracranial pressure monitoring have been reported as significant risk factors for the development of pulmonary complications. As far as we know, however, no authors have analyzed the occurrence of PPCs and their association with risk factors in patients undergoing elective intracranial surgery. Knowing the risk factors associated with PPCs in neurosurgical patients could permit action to prevent them. Thus, the lack of data in this area justifies this prospective study of patients undergoing elective intracranial surgery to determine the incidence of PPCs, the mortality rate, and the risk factors for these occurrences.
Methods

Study Design and Patient Population
A prospective cohort study was conducted during a period of 24 months at São Paulo Hospital, Federal University of São Paulo, Brazil. Potential study participants were patients scheduled to undergo elective intracranial surgery for tumor, aneurysm, arteriovenous malformation, Arnold-Chiari syndrome, or epilepsy while in a state of general anesthesia. Patients with surgical reintervention or intraoperative death were excluded. The study population comprised 236 patients who met these criteria and provided informed consent.
Preoperative Assessment
All patients answered a questionnaire about the presence of respiratory symptoms, lung and other clinical dis eases, and smoking history. On physical examination we observed the type of cough and expectoration, pulmonary auscultation, chest evaluation, and the level of consciousness. A chest radiograph was also obtained in each Incidence and risk factors for postoperative pulmonary complications in elective intracranial surgery patient, and the data were recorded on a standard chart. This procedure was approved by the institution's Ethics Committee on Clinical Research.
Postoperative Assessment
After the surgical procedure, patients were conveyed to the neurosurgical ICU and followed up daily from the immediate postoperative period until a new surgical intervention, hospital discharge, or death. Patients who re mained on mechanical ventilation after surgery were placed on the volume-cycled synchronized intermittent mandatory ventilation mode with the following settings: a tidal volume of 6-8 ml/kg, forced inspired O 2 to maintain an arterial oxyhemoglobin saturation > 93%; a positive end-expiratory pressure of 5 cm H 2 O; and a respiratory frequency between 12 and 16 breaths/minute to maintain a PaCO 2 between 35 and 45 mm Hg. Mechanical ventilation was managed by both the intensivist and respiratory therapist. The intubation weaning process was based on T-piece trial lasting 30-120 minutes, and it was initiated when the patients were considered clinically able according to the decision of the multidisciplinary team.
Daily visits included physical examination and respiratory physiotherapy. Endotracheal tube suction was performed at least 3 times a day along with physiotherapeutic treatment or as needed. A central venous catheter was not inserted for monitoring, and patients were not on prophylactic antibiotics.
Outcome Definitions
Postoperative pulmonary complications were defined as follows. Pneumonia was classified as recent pulmonary infiltration on chest radiography associated with at least 2 of the following signs: purulent tracheobronchial secretion, a body temperature > 38.3°C, and leukocytes in circulation > 25% above the basal count. 21, 22 Tracheobronchitis was an increase in the volume or a change in the color or purulent aspect of tracheobronchial secretion with a normal chest radiograph. 21, 22 Atelectasis was evidence on chest radiography of pulmonary atelectasis associated with acute respiratory symptoms. 22, 24, 32 Bronchoconstriction was classified as the presence of wheezing associated with acute respiratory symptoms with a good response to inhalatory bronchodilator medication.
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Chest radiography was repeated whenever patients pre sented with changes on physical examination. The main and secondary causes of death were determined based on autopsy data, if available, or on clinical and laboratory data.
Physiotherapeutic Treatment
Patients submitted to physiotherapeutic treatment both before and after surgery. During the preoperative pe riod, they were instructed regarding the importance of changes in decubitus, early walking, coughing, and respiratory and circulatory exercises. During the postoperative period, physiotherapeutic treatment was administered at least 3 times a day until the 4th postoperative day. This treatment was adapted to the clinical condition of each patient and included diaphragmatic breathing exercises, respiratory exercises, vibrotherapy, percussion, encouragement of coughing, aspiration, and circulatory exercises or overall mobilization.
Statistical Analysis
For univariate analysis, the chi-square test was used for 2 × 2 and 3 × 2 tables and the Fisher exact test for 2 × 2 tables when 1 or more of the expected frequencies was < 5. Calculation of the relative risk and its respective 95% confidence interval allowed us to quantify the association between the risk factor and the development of a PPC. Multivariate analysis was performed using variables identified during preoperative assessment. The level of significance was set at 5% in all tests.
Results
Overall, 236 patients were included in the study (146 women and 90 men). Tables 1 and 2 show the demographic, surgical, and postoperative data. Fifty-eight patients (24.6%) had 76 PPCs, 23 patients (9.7%) died, and 21 of these had a PPC. The most frequent PPC was purulent tracheobronchitis, which was observed in 32 (42.1%) of 76 patients, followed by pneumonia in 20 (26.3%), bronchospasm in 19 (25%), and atelectasis in 5 (6.6%).
Univariate analysis, including 16 pre-and postoperative variables, showed that the occurrence of a PPC was associated with a duration of mechanical ventilation ≥ 48 hours (p < 0.0001), a length of stay in the ICU > 3 days (p < 0.0001), the use of a nasogastric tube > 24 hours (p < 0.0001), a lower level of consciousness during the pre operative (p < 0.003) and postoperative (p < 0.0001) periods, and the presence of chronic lung disease (p < 0.004; Table 3 ).
Multivariate analysis, including all pre-and postoperative variables, demonstrated that the most predictive variables for the development of PPC were the site of surgery (p < 0.0001), duration of mechanical ventilation ≥ 48 hours (p < 0.0001), length of stay in the ICU > 3 days (p < 0.0001), postoperative lower level of consciousness (p < 0.002), duration of surgery ≥ 300 minutes (p < 0.01), and the presence of chronic lung disease (p < 0.04; Table 4).
In a second multivariate analysis, only preoperative variables (length of stay in the ward, level of consciousness, presence of lung disease, sex, age, surgical site, and duration of surgery) were included. Chronic lung disease (p < 0.003) and a duration of surgery ≥ 300 minutes (p < 0.05) were independent risk factors associated with an increased incidence of a PPC (Table 4) .
According to our results, the probability of a PPC in patients who have undergone intracranial surgery can be estimated in the preoperative period by considering the presence or absence of chronic lung disease and the anticipated duration of surgery. Patients presenting with these 2 risk factors had a 60% probability of a PPC, whereas this probability was 16.7% in patients without these risk factors (Table 5) .
Discussion
In the present study, the incidences of a PPC and the postoperative mortality rate in patients who have undergone intracranial surgery were 24.6 and 10%, respective ly. Predicting factors for a PPC according to a multivar iate analyses were as follows: infratentorial surgery, me chanical ventilation ≥ 48 hours, time spent in the ICU > 3 days, low consciousness level, duration of surgery ≥ 300 minutes, and previous chronic lung disease.
The incidence of a PPC in the present study was close to those reported for intraabdominal surgeries. 3, 15, 29 The frequency of pulmonary complications among surgical and nonsurgical neurological patients varies widely, from 2.5-37%. 4, 5, 8, 10, 17, 26, 30, 31 This large incidence interval is most probably due to the different settings and conditions in which the surgeries were performed, the clinical con ditions of patients at the time of surgery, the pre-and post operative care given to patients, and the definitions adopted for pulmonary complications.
In a recent American College of Physicians 33 systematic review of preoperative pulmonary risk stratification for noncardiothoracic surgery, only 2 studies related to neu rosurgical patients were found. In that review, neurosurgery was presented as good evidence of a risk factor for PPCs. Despite the fact that the authors considered neurosurgery itself as a risk factor for pulmonary complications, they did not specify which were the predictive risk factors associated with the occurrence of PPCs in neu rosurgical patients.
Sawaya and colleagues 30 reported a low incidence of pneumonia (2.5%) as a pulmonary complication in pa tients subjected to craniotomy for tumor resection; how ever, most of the patients received an antibiotic as a prophylactic measure before the surgical procedure. These authors looked only at pneumonia and embolism as pulmonary complications and did not consider other more common complications such as respiratory failure, tracheobronchitis, atelectasis, and bronchospasms. Hoyt and associates 17 reported a 11.2% rate of pulmonary complications in patients with head injury, and they concluded that head injury is a risk factor for such complications, although they did not separate the groups that did or did not undergo neurosurgery and some of the surgeries were performed on an emergency basis. Contrary to their methods, we studied only those patients subjected to elective craniotomy.
To assess the incidence and characteristics of early postoperative complications following neurosurgical procedures, Manninen et al. 18 followed up neurosurgical patients for up to 4 hours postoperatively and found a high incidence of early postoperative complications. The most common problems were nausea and vomiting especially in younger patients undergoing elective spine surgery. These authors did not report any pulmonary complications, but it is possible that this timeframe was not long enough for any to be detected, as the definition of a pulmonary complication includes those that occur up to the 30th postoperative day.
As in other studies in neurological patients, the most frequent pulmonary complications observed in the present study were infectious, including purulent tracheobronchitis and pneumonia. 17, 20, 28 However, we did not find any study in which the authors both clearly defined these complications and evaluated their risk factors in patients who had undergone elective craniotomy. Our definitions agree with those in the Pereira et al. 22 study, which was included in the systematic review 33 that prompted the American College of Physicians clinical guidelines on preoperative pulmonary risk stratification for noncardiothoracic surgery.
Patients presenting with complications remained an average of 9 days in the ICU, whereas those without stayed only 2 days. The probability of death also increased in patients who had a PPC: 36% versus 1% in those who did not. These numbers are very similar to those reported by Arozullah et al., 1 who followed up patients undergoing noncardiac surgery and observed a mortality rate of 27% in those with postoperative respiratory failure and only 1% in those without.
When the duration of surgery was ≥ 300 minutes, the probability of a PPC was 28%; the probability decreased to 17% when surgery was < 300 minutes. The surgery duration has also been considered a risk factor in other studies that have included no neurosurgical patients. 7, 19, 22, 23 The increase in the surgical time probably induces the PPC as the anesthetic agents can trigger alterations in diaphragmatic function, to increase mismatching of ventilation/perfusion ratios and contribute to the development of pulmonary infection by interfering with pulmonary defense mechanisms. 9, 13, 15, 26, 34 A high probability of a PPC (62.5%) was seen in patients undergoing intracranial surgery with associated chronic lung disease. This risk factor has also been identified in other surgical sites by other investigators. 2, 14, 19, 22, 25 In addition, the probability of a PPC was higher in patients undergoing posterior fossa or infratentorial surgery than in those who underwent supratentorial surgery. Infratentorial surgery may be associated with compression or manipulation of the pons and/or bulbous areas, which can cause a disturbance in respiratory rhythm, swallowing incoordination, and reduced laryngeal and glottic sen sitivity, which can increase the chance of bronchoas pi ration and postoperative pneumonia. 35 The occurrence of a PPC was associated with not only the risk factors identified during the pre-and intraoperative periods, but also the presence of some postoperative conditions. Mechanical ventilation ≥ 48 hours was a risk factor for a PPC as well as for the occurrence of death. The prolonged use of invasive mechanical ventilatory support already has been reported as a risk factor for pneumonia, and some studies have demonstrated that patients with significant brain injuries have mechanical ven tilation-associated pneumonia involving resistant bac teria such as Acinetobacter baunanii. 4, 6, 11 Another postoperative risk factor was a low level of consciousness, which may be a consequence of brain ischemia caused by a decrease in cerebral perfusion pressure or by the use of drugs such as barbiturates, administered to control or reduce intracranial pressure but can also depress the central nervous system. Eberhardt and associates 12 showed that the occurrence of pneumonia is dependent on the barbiturate dose, and the drug concentration interferes with the airway colonization and the strain of colonizing bacteria.
Our findings indicated that the development of a PPC is a common finding in the period following neurosurgery, which will surely increase the costs of treatment both for the patient and the health system (see also the study by Beauregard and Friedman 5 ). Therefore, estimating the risk of a PPC based on identified risk factors prior to surgery is very important as it permits the introduction of prophylactic measures in the preoperative period to decrease postoperative complications and to reduce final costs.
Once the clinical and surgical variables considered as risk factors are detected, individual prophylactic measures in patients classified as having a high risk should be adopted. Such preoperative prophylactic measures might include smoking cessation, inhalatory bronchodilator therapy, and/or courses of systemic steroids in individual cases, respiratory physiotherapy, and circulatory exercises. 16, 22 Prophylactic measures should also be taken during the postoperative period. A weaning protocol and early withdrawal of the ventilator should be considered in all neurosurgical patients, as should daily respiratory physiotherapeutic follow-up for maintenance of bronchial tree hygiene and pulmonary expansion, frequent changes in decubitus, and circulatory exercises.
Conclusions
In summary, in the present study we revealed for the first time the pre-and postoperative risk factors for the occurrence of PPCs in patients undergoing elective intracranial surgery. The incidence of a PPC and the postoperative mortality rate were 24.6 and 10%, respectively. An infratentorial surgery, a duration of surgery ≥ 300 minutes, postoperative mechanical ventilation ≥ 48 hours, a length of stay in the ICU > 3 days, a postoperative lower level of consciousness, and the presence of chronic pulmonary disease were independent risk factors for the occurrence of a PPC. Preoperative risk factors for a PPC, as determined on multivariate analysis, were the presence of chronic pulmonary disease and a surgery duration ≥ 300 minutes. Patients presenting with the 2 risk factors had a 60% probability of a PPC, whereas the probability decreased to 16.7% when neither risk factor was present.
